Aims The role of microRNAs has not been studied in cardiogenic shock. We examined the potential role of miR-423-5p level to predict mortality and associations of miR-423-5p with prognostic markers in cardiogenic shock.
Introduction
Cardiogenic shock (CS) is a severe state of inadequate systemic tissue perfusion due to low cardiac output, often resulting in multi-organ failure. 1 In-hospital mortality is close to 40% even with current treatment. 2 More research is needed to understand the mechanisms leading to shock and hypoperfusion and to discover new biomarkers to optimize treatment for each patient.
MicroRNAs (miRNAs) are short non-coding RNAs that have a central role in regulating gene expression. miRNAs can be detected in plasma, body fluids, and tissues. 3 Circulating miRNAs have emerged as potential diagnostic and prognostic biomarkers of cardiovascular disease. 4 In previous studies on miRNAs in heart failure, miR-423-5p is one of the miRNAs most consistently shown to be associated with the diagnosis and prognosis of heart failure, [5] [6] [7] [8] although discrepancies exist. [9] [10] [11] Induction of apoptosis by miR-423-5p has been shown in cardiomyocytes, 12 suggesting that miR-423-5p may also have a role in the pathogenesis and progression of heart diseases. Indeed, miR-423-5p was reported to be up-regulated in failing human myocardium. 13 
Aims
As there are no studies on microRNAs in CS, we chose to examine the potential of miR-423-5p level to predict mortality and the possible associations of miR-423-5p with prognostic markers in CS.
Materials and methods
This study was part of a predefined biomarker substudy of the CardShock study. The CardShock study (ClinicalTrials.gov identifier: NCT01374867) was a multicenter, prospective, observational study enrolling patients within 6 h of the detection of CS (for details, see Harjola et al.
2 ). The study was approved by the local ethics committees and conducted in accordance with the Declaration of Helsinki. Written informed consent was received from all patients or their next of kin. Patients were treated according to local practice, and treatment and procedures were registered. Of the 219 patients recruited for the CardShock study, blood samples were available at baseline for 179 patients (2 centres did not participate in the biomarker substudy), and at 24 h for 142 patients (22 patients died before this time point, and 18 patients had missing samples). Pulmonary artery catheter use was at the discretion of the treating physician and was used in 37 patients to measure the cardiac output using the thermodilution method, from which the cardiac index was calculated.
Blood samples were collected into ethylenediaminetetraacetic acid tubes at study enrolment. Total RNA was extracted from plasma samples, and miR-423-5p level was assessed by quantitative PCR using Caenorhabditis elegans miR-39 for normalization, as previously described. 7 Creatinine, high-sensitivity troponin T (hsTnT) and alanine aminotransferase (ALT) were analysed at an accredited central laboratory (ISLAB, Kuopio, Finland) using standard kits (Roche Diagnostics, Basel, Switzerland). hsTnT was also measured at 24 h in 142 patients with samples available from both time points. Estimated glomerular filtration rate (eGFR) was calculated from creatinine values using the Chronic Kidney Disease Epidemiology Collaboration equation.
14 Arterial blood lactate was analysed locally.
Associations between miR-423-5p, other biomarkers, clinical data, and 90 day all-cause mortality were analysed using SPSS statistical software version 23 (IBM Corp., Armonk, NY, USA). Two-sided P < 0.05 was considered statistically significant. Mann-Whitney U-test was used to determine the statistical significance of between-group differences in miR-423-5p levels. Associations between continuous variables with non-normal distributions were assessed using Spearman correlations. Differences in mortality were assessed by comparing Kaplan-Meier survival curves using the log-rank test. To test for the independent association of miR-423-5p level above median at baseline with 90 day mortality, a multivariable Cox regression model was constructed with 90 day all-cause mortality as the dependent variable. In the multivariable Cox regression model, adjustments were made for variables included in the CardShock risk score, 2 hsTnT, and ALT at baseline. Nested Cox regression models containing (i) CardShock risk score variables or (ii) CardShock risk score variables and miR-423-5p level above median were compared using the likelihood ratio test. General linear model was used to analyse the independent predictors of miR-423-5p level using miR-423-5p as the dependent variable. To normalize the distribution and the residuals, miR-423-5p was log transformed for this analysis.
Results
The mean age in the study cohort was 66 years, and 26% were women. Average mean arterial pressure was 57 (SD 11) mmHg. The main aetiology of CS was acute coronary syndrome (ACS) (78%). Non-ACS causes consisted mainly of worsening chronic heart failure (10%), valvular and other mechanical causes (7%), and myocarditis (2%). The 90 day all-cause mortality was 42%. miR-423-5p level at baseline was two-fold higher in non-survivors compared with survivors {median 0.008 arbitrary units (AU) [interquartile range (IQR) 0.003-0.017] vs. 0.004 AU [IQR 0.002-0.009], P = 0.003}. Moreover, patients with miR-423-5p level above median had higher levels of lactate and ALT, lower eGFR, and lower cardiac index at baseline than had patients with miR-423-5p level below median ( Table 1) . There was a modest positive correlation between baseline miR-423-5p level and lactate [Spearman correlation coefficient (r s ) = 0.28, P < 0.001], ALT (r s = 0.38, P < 0.001), and creatinine (r s = 0.19, P = 0.01).
To determine independent predictors of miR-423-5p level, a general linear model was constructed using miR-423-5p as the dependent variable. In this model, independent predictors of miR-423-5p level were ACS aetiology (coefficient B = 2.7 for ACS aetiology, P = 0.001), ALT (B = 0.03 for 100 IU/L increase, P = 0.02), and blood lactate at baseline (B = 0.03 for 1 mmol/L increase, P = 0.02). To explore whether miR-423-5p level at baseline was associated with the extent of developing myocardial injury, we tested for correlation between miR-423-5p and hsTnT at baseline and 24 h. A modest correlation between miR-423-5p at baseline and hsTnT at 24 h was found in ACS (r s = 0.27, P = 0.003) but not in non-ACS patients (r s = À0.04, Role of microRNA-423-5p in cardiogenic shock P = 0.87). No correlation was found between miR-423-5p and hsTnT at baseline.
Comparing Kaplan-Meier curves, we found that patients with miR-423-5p level above median had higher 90 day all-cause mortality ( Figure 1A) . In Cox regression analysis, miR-423-5p level above median was associated with 90 day all-cause mortality with an unadjusted hazard ratio (HR) of 1.9 (95% confidence interval 1.2-3.1, P = 0.006). Adjusting for the variables included in the CardShock risk score 2 (i.e. age, prior myocardial infarction or coronary bypass grafting, altered mental status at presentation, ACS aetiology, left ventricular ejection fraction, lactate, and estimated glomerular filtration fraction), hsTnT, and ALT at baseline, miR-423-5p level above median was independently associated with 90 day all-cause mortality (HR 1.9, 95% CI 1.2-3.2, P = 0.01, Figure 1B) . Lactate, prior myocardial infarction or coronary bypass grafting, and left ventricular ejection fraction also independently predicted Figure 1 (A) Kaplan-Meier survival curves for patients with miR-423-5p below (black line) and above (grey line) median at baseline. (B) Hazard ratios and 95% confidence intervals (in parentheses) of the multivariable model including CardShock risk score variables and other variables associated with miR-423-5p level. ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; eGFR, estimated glomerular filtration rate; HR, hazard ratio; hsTnT, high-sensitivity troponin T; LV, left ventricle; MI, myocardial infarction. *P < 0.05 **P = 0.001. Results are presented as mean ± SD for normally distributed variables, medians, and interquartile ranges for non-normally distributed variables and as n (%) for categorical variables. ACS, acute coronary syndrome; ALT, alanine aminotransferase; CABG, coronary artery bypass graft; CI, cardiac index; eGFR, estimated glomerular filtration rate; hsTnT, high-sensitivity troponin T; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NT-pro-BNP, N-terminal fragment of pro-B-type natriuretic peptide. a n = 37.
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mortality. Comparing nested Cox regression models confirmed that the addition of miR-423-5p level above median as a variable to the CardShock risk score model improved the model's predictive power on 90 day all-cause mortality (χ 2 = 7.2, P = 0.007, for comparison of nested models; c-index for the Cox model with miR-423-5p level above median = 0.790 and without = 0.776).
We also explored the association of miR-423-5p level with the aetiology of CS. Comparing Kaplan-Meier curves, we found that miR-423-5p level above median was associated with higher mortality in both ACS (log-rank test P = 0.04) and non-ACS (log-rank test P = 0.03) patients. Patients with ACS had higher miR-423-5p level than had non-ACS patients 
Conclusions
This is the first study to show an association between levels of a circulating microRNA and mortality in CS. The main findings are as follows. First, above median level of miR-423-5p predicted 90 day all-cause mortality independently of established risk factors of CS. Second, the association of above median level of miR-423-5p with 90 day all-cause mortality was independent of the aetiology of CS. Third, miR-423-5p level and correlations with hsTnT at 24 h differed between ACS and non-ACS patients.
It is interesting to note that miR-423-5p behaved differently in ACS and non-ACS patients. The origin and mechanisms leading to elevated levels of circulating microRNAs are not fully elucidated. 15 miR-423-5p has been shown to be enriched in the coronary circulation of heart failure patients, 16 suggesting a cardiac source. Circulating levels of miR-423-5p have also been shown to be elevated early in acute myocardial infarction. 17, 18 However, as microRNAs are generally not considered to be very tissue specific, it may be hypothesized that circulating miR-423-5p could have other sources as well. As the observed correlations between miR-423-5p, lactate, ALT, and creatinine were weak, there are probably other factors affecting the level of miR-423-5p as well. Given the association of miR-423-5p with low cardiac index and high lactate levels, the possibility that increased miR-423-5p levels are a marker of organ hypoperfusion in general and shock from any cause rather than being specifically associated with CS cannot be excluded.
This study has some limitations. The observation that miR-423-5p level above median was associated with a lower cardiac index is limited by the small proportion of patients (21%) with pulmonary artery catheters. Invasive haemodynamic monitoring is not routinely advocated, 1 and we believe that our cohort reflects current clinical practice. It should be noted that CS is a complex syndrome, and although mortality analyses were adjusted for all relevant variables available, residual confounding may be present. Furthermore, these findings should be interpreted as preliminary and need to be confirmed in another CS population with mixed etiologies.
In conclusion, miR-423-5p level above median at baseline is associated with markers of hypoperfusion and seems to predict 90 day mortality independently of established risk factors in CS. state funding for university-level research. Roche Diagnostics provided kits for the analysis of hsTnT. The funding sources had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; or decision to submit the manuscript for publication.
